Abstract. Hepatocyte growth factor (HGF) may impact the metastasis of prostate cancer via its action on prostate stem cells or their progeny. Tight junctions (TJs) are crucial to the process of metastasis and have been previously shown to be regulated by HGF. The present study aimed to evaluate the effect of HGF on the function of TJs in human prostate epithelial, prostate stem cell-like and prostate cancer cell lines. Four human prostate cancer cell lines (PC-3, DU-145, PZHPV-7, CaHPV-10), normal adult prostate parental epithelial cells (RWPE-1) and a stem cell-like derivative of RWPE-1 (WPE-STEM) were used to assess HGF-induced changes in TJs. A significant difference was noted in the behaviour between the WPE-STEM, RWPE-1 and the cancer cell lines which was HGF concentration-dependent. However, in the WPE-STEM cells, the effect was biphasic, with the cells seemingly resistant to HGF-modulated TJ disruption. Closer examination revealed that HGF affected the redistribution of ZO-1, ZO-2 and ZO-3 away from the TJs of confluent cells with concurrent loss of claudin-1 and claudin-5, and western blot analysis revealed a loss in TJ protein expression of ZO-1 and ZO-2. We demonstrated for the first time that HGF regulates TJ function in human prostate cells. Moreover, this regulation was dependent on the tumourigenicity of the cells, with the most aggressive cells most susceptible and the stem cell-like cells least susceptible. These data offer an intriguing glimpse of how TJs affect the behaviour of prostate cancer cells and how HGF modulates the expression and function of the molecules maintaining TJ structure and function.
Introduction
The major impact of hepatocyte growth factor (HGF) on the development and metastasis of prostate cancer may be via its action on prostate stem cells or their progeny. Understanding the sequence of events in the above process would have important implications in understanding the biology of prostate cancer and in the development of new therapies. Stem cells constitute a small population of relatively undifferentiated cells that express no differentiation markers of tissue and exhibit diverse expression of tight junction (TJ) proteins.
TJs are crucial to the process of metastasis and have been previously shown to be regulated by HGF. TJs are the apical cellular structure of both epithelial and endothelial cells and play a key role in the control of paracellular passage and cell adhesion. Previous studies have demonstrated a correlation between a reduction in TJs and tumour differentiation, and experimental evidence has emerged that places TJs as the frontline structures that tumour cells must overcome in order to successfully metastasize (1) (2) (3) (4) (5) . Although a considerable body of research exists on TJs and their role in a number of diseases, it is only in the last few years that their possible role in tumourigenesis and tumour progression has been studied. Yet, to date, most of the research has focused on cell lines and to a limited degree on colorectal and pancreatic cancers, with a few studies carried out on breast cancer concentrating on claudin-1 (SEMP-1), claudin-7, ZO-1 and ZO-2 expression (5) (6) (7) (8) (9) (10) .
Changes in the expression of TJ proteins may be due to regulatory mechanisms or promoter methylation. Regulatory mechanisms may be via the suggested pathway of epithelial-tomesenchymal transition (EMT) as the process of acquisition of an invasive phenotype by tumours of epithelial origin can be regarded as a pathological version of EMT (11, 12) . TJs determine epithelial cell polarity and disappear during EMT. Snail and Slug are factors thought to be responsible for this loss (13) . Regulation also occurs via the Rho GTPase family, which is able to regulate TJ assembly (14) . Thus, TJs can be regulated in response to physiological and tissue-specific requirements (15) . TJs are able to rapidly change their permeability and functional properties in response to stimuli, permitting dynamic fluxes of ions and solutes in addition to the passage of whole cells. HGF, a cytokine secreted by stromal cells, was found to modulate the expression and function of TJ molecules in human breast cancer cell lines (10 (16) (17) (18) (19) even though there was an interest in the role of TJs in the prostate early on (20-23) which has not been further researched.
Our present study, therefore, aimed to determine whether HGF plays a similar role in the regulation of TJs in human prostate cells. Cells were subjected to HGF treatment and the distribution and expression of ZO-1, ZO-2, ZO-3, occludin, claudin-1 and claudin-5 were determined. Any changes in junctional integrity were also assessed. The data obtained showed that HGF was able to regulate the function of TJs in human prostate cells by modulating the expression of a number of TJ molecules at the molecular and protein levels. It is anticipated that further studies will reveal an important role of TJs in prostate cancer cell behaviour.
Materials and methods
Reagents and antibodies. Anti-occludin (N-19 epitope, sc-8145 and H-279 epitope, sc-5562), anti-ZO-1, anti-ZO-2, anti-ZO-3, anti-claudin-1, anti-claudin-5, anti-AF6 and anti-β-actin (sc-8432) antibodies were purchased from Santa Cruz Biotechnology (Santa Cruz, CA, USA) and Pharmingen International (San Diego, CA, USA). The anti-occludin (c-terminal epitope, 71-1500) antibody was purchased from Zymed (Invitrogen Ltd., Paisley, UK). Peroxidase-conjugated anti-mouse and anti-rabbit IgG for western blotting were from Sigma-Aldrich (Poole, UK). FITC-or TRITC-conjugated anti-mouse, anti-goat and anti-rabbit IgG were from SigmaAldrich. FITC-conjugated dextran (40 kDa) was obtained from Molecular Probes (Eugene, OR, USA). Carbonate filter inserts with a pore size of 0.4 µm (for 24-well plates) were from Greiner Bio-One Ltd. (Stonehouse, Glos, UK). Gold electrode arrays (8W10E) were purchased from Applied Biophysics Inc. (Troy, NY, USA).
Cell lines. Human prostate cancer cell lines PC-3, DU-145, CAHPV-10, PZHPV-7 and LNCap [European Collection of Animal Cell Cultures (ECACC), Wiltshire, UK] were routinely maintained in Dulbecco's modified Eagle's medium (DMEM; Sigma-Aldrich) supplemented with 10% foetal calf serum (FCS), penicillin and streptomycin (Sigma-Aldrich). RWPE-1, a normal adult prostate parental epithelial cell and WPESTEM, a stem cell-like derivative of RWPE-1 (ATCC, LGC Standards, Teddington, UK) were routinely cultured using the keratinocyte serum-free medium (K-SFM) kit [Invitrogen (Gibco); cat. no. 17005-042] with bovine pituitary extract (BPE) and human recombinant epidermal growth factor (EGF).
Transepithelial resistance (TER). TER was measured using an EVOM Volt-Ohm meter (EVOL, World Precision Instruments, Aston, Herts, UK), equipped with a pair of STX-2 chopstick electrodes (WPI, Sarasota, FL, USA), as we previously reported (10, 24) . Briefly, cells were seeded into the 0.4-µm pore size insert (Greiner Bio-One Ltd., Stonehouse, Glos, UK) and allowed to reach full confluency, after which fresh medium was replaced for further experiments. Inserts without cells, inserts with cells in medium and inserts with cells with HGF (at varying concentrations) were tested for a period of 2 h. Electrodes were placed at the upper and lower chambers, and resistance was measured with the Volt-Ohm meter.
Immunofluorescence staining of human prostate cancer cells. For immunofluorescence staining, cells (30,000 cells/well) were grown in 16-well chamber slides (LAB-TEK International, Sussex, UK) and incubated at 37˚C in a 5% incubator for a set period of time (0-24 h). After incubation, the culture medium was aspirated, the wells were rinsed with balanced salt solution (BSS) buffer and the cells were fixed in methanol for 20 min at -20˚C. After fixation, the cells were washed twice using BSS buffer and permeabilised by the addition of 200 µl of 0.1% Triton X-100 (Sigma-Aldrich) detergent in phosphatebuffered solution (PBS) for 5 min at room temperature. Cells were rinsed twice with PBS buffer, and 200 µl of blocking buffer (10% horse serum in PBS) was added to each well and the chamber slide was incubated for 40 min at room temperature on a bench rocker. The wells were washed once with wash buffer (3% horse serum in TBS buffer containing 0.1% Tween-20), and 100 µl of the primary antibodies prepared in wash buffer was added to the appropriate wells. The chamber slide was incubated on the rocker for a further 60 min at room temperature. Wells were washed twice with TBS buffer (with 0.1% , and the cells were incubated in 100 µl of the secondary antibodies [fluorescein isothiocyanate (FITC) or tetramethylrhodamine isothiocyanate (TRITC) conjugates; Sigma-Aldrich] (diluted in the same manner as the primary antibodies) for 50 min. The chamber slide was wrapped in foil to prevent light from reaching the conjugate. Finally, the wells were rinsed twice with wash buffer, and once in BSS buffer mounted with FluorSave™ (Calbiochem-Novabiochem Ltd., Nottingham, UK) reagent and visualised using an Olympus BX51 microscope with a Hamamatsu (Welwyn Garden City, Herts, UK) Orca ER digital camera at a magnification of x100 using an oil immersion lens.
SDS-PAGE and western blotting.
Total cell lysates and tissues were prepared as follows. Cells were pelleted and lysed in HCMF buffer plus 0.5% SDS, 0.5% Triton X-100, 2 mM CaCl 2 , 100 µg/ml phenylmethylsulfonyl fluoride, 1 mg/ml leupeptin, 1 mg/ml aprotinin and 10 mM sodium orthovanadate for 40 min. Sample buffer was added, and the proteins were boiled at 100˚C for 5 min before clarification at 13,000 x g for 10 min. Equal amounts of protein from each cell sample were added onto an 8% polyacrylamide gel. Following electrophoresis, proteins were blotted onto nitrocellulose sheets and blocked in 10% horse serum for 60 min before probing with the specific primary antibodies, followed with the peroxidaseconjugated secondary antibody (1:2,000). Protein bands were visualised with the Supersignal West Dura Extended Duration substrate chemiluminescent system (Perbio Science UK Ltd., Cramlington, UK) and detected using a CCD UVIprochemi system (UVItec Ltd., Cambridge, UK).
Electric cell-substrate impedance sensing measurements.
The electric cell-substrate impedance sensing (ECIS, Applied Biophysics, Troy, NY, USA) system was used to measure transepithelial impedance in order to ascertain differences in barrier function in the presence or absence of HGF as a potential regulator of TJ function. For ECIS measurements, 10 4 cells were seeded into each well of an electrode array (96W10E or 8W10E). Medium (0.4 ml/well) was added, and after 24 h in culture, confluence and viability of the cell monolayer were confirmed by light microscopy and electrically. Impedance data were obtained from cell-covered electrode arrays using a 1-V AC signal at 4,000 Hz.
Statistical analysis. Statistical analysis was performed by Minitab version 13.32 (Minitab Inc., State College, PA, USA) using a two-sample Student's t-test.
Results

Redistribution of TJ proteins during HGF co-culture.
Confluent cultures of all 4 prostate cell lines exhibited normal TJ location as visualised using immunofluorescence. ZO-1, ZO-2 and ZO-3 were observed at the cell-cell junctions of the cells, as were occludin and claudin-1. For the most part, claudin-5 was found less obviously at the cell membrane, but quite extensively in the peri-nuclear region (Fig 1) .
In the PC-3 cells, after a 0.5-h co-culture with HGF (25 ng/ ml) a reduction in the cell junction location of ZO-1 was noted, which by 1 h had resulted in a loss of ZO-1 at the cell periphery and an increased signal at the peri-nuclear region (Fig. 1 ). This was more pronounced at 2 and 4 h of co-culture. After a 24-h treatment, there was some re-establishment of ZO-1 at the cell-cell junctions. There was a similar re-distribution of ZO-2, albeit a slower reduction at the cell-cell junction (at 1 h not 0.5 h as with ZO-1), although after a 24-h co-culture, re-location to the cell periphery was not complete. Concomitant with this was the change in location of ZO-3 ( Fig. 1) . In contrast, the location of occludin did not show such changes after treatment with HGF. Although the staining pattern became 'spotty' by 1 h of co-culture, there was altogether, no loss of this protein from the cell periphery. However, claudin-1 expression was lost by 0.5 h of co-culture and did not recover after 24 h. Claudin-5 distribution was lost by a 1-h treatment and also did not recovered by 24 h. It was observed that claudin-5 expression was overall more intense than claudin-1 expression.
In the DU-145 cells, expression of ZO-1 was not noticeably reduced until 4 h of co-culture with HGF and recovered fully by 24 h (Fig. 2) . A similar pattern was also observed with ZO-2. ZO-3 expression, however, was reduced by 1 h of co-culture with HGF and recovery to the cell membrane was visible after 4 h of co-culture. In comparison to PC-3 cells, occludin was strongly visible at the cell periphery in DU-145 cells and co-culture with HGF did not greatly reduce the expression of this protein. Some spotting was noticeable by 4 h of co-culture with HGF, but the TJ staining pattern was clearly visible. Claudin-1 was lost from the cell junctions after only 30 min of co-culture with HGF and became spotty after 1 h in DU-145 cells. Recovery to the TJs was almost complete by 2 h of co-culture. Claudin-5 was weakly stained in the control DU-145 cells, together with strong peri-nuclear staining. This was more concentrated around the nucleus after just 30 min of co-culture with HGF, but re-location to the cell periphery was apparent after 2 h.
CAHPV-10 cells exhibited clear junctional staining for ZO-1 that was lost completely by 1 h of co-culture with HGF (Fig. 3) . There was relocation towards the nucleus which had only just dissipated by 24 h of co-culture with HGF. ZO-2 expression was very strong in the CAHPV-10 cells and became dotty and almost completely lost from the cell periphery after 1 h of HGF treatment. Location of ZO-2 at the TJ area was almost reconstituted after 4 h. In contrast, ZO-3 was weakly located at the cell periphery in the CAHPV-10 cells and appeared to increase at the cell periphery after HGF treatment. Occludin was shown to be located at both the cell membrane and nuclear membrane in the CAHPV-10 cells, both of which were reduced by 2 h of co-culture with HGF. By 24 h of co-culture, cell membrane integrity appeared to be intact, but there was no return of occludin to the nuclear region. Claudin-1 was lost from the cell membrane after 30 min of treatment with HGF, and re-location was apparent after only 1 h. The location of claudin-5 was again visible in the peri-nuclear region of CAHPV-10 cells and there appeared to be an increase in intensity after treatment with HGF.
ZO-1 was lost from the cell membrane in the PZHPV-7 cells after a 2-h treatment with HGF (Fig. 4) . There appeared to be a stronger staining towards the leading edge of the cell. Recovery to the cell membrane was slow and not complete after a 24-h culture. ZO-2 staining became spotty at the cell membrane after 30 min of co-culture with HGF but recovered by 2 h. The pattern of staining of ZO-3 in the PZHPV-7 cells was very weak, although visible at the cell membrane before HGF treatment and was completely lost by a 30-min co-culture. Levels had recovered by 24 h. Occludin was not completely lost from the cell membrane in the PZHPV-7 cells but was dotty after a 30-min co-culture with HGF. Claudin-1 was reduced at the cell periphery and showed increased cytoplasmic staining in the PZHPV-7 cells by 2 h of co-culture with HGF before recovery by 4 h. Claudin-5 was strongly stained in the peri-nuclear region of PZHPV-7 cells, weakly stained at the cell membrane and remained so until 24 h of treatment with HGF, when there was some relocation to the cell periphery.
Changes in transepithelial resistance (TER) of cells during
HGF co-culture. Co-culture of confluent PC-3 cells with HGF at increasing concentrations resulted in a marked reduction in TER over 24 h as compared to the control cells (Fig. 5A) . This occurred in a concentration-dependent manner, with the highest concentration of HGF (100 ng/ml) causing the greatest reduction in resistance. Maximum reduction was achieved after 4 h of treatment with HGF (control vs. HGF 25 ng/ml, P<0.0001; 50 ng/ml, P=0.0004; 100 ng/ml P<0.0001). A similar effect was observed in the DU-145 cells treated with HGF (Fig. 5B) ; however, the greatest reduction in TER was achieved by HGF at 50 ng/ml. Maximum effect of HGF at all concentrations occurred following 4 h of treatment (control vs. HGF 25 ng/ml, P=0.002; 50 ng/ml, P=0.0002; 100 ng/ml, P=0.0005). CAHPV-10 cells reacted in the same way to HGF as the PC-3 cells, in that TER was reduced with increasing HGF concentration (Fig. 5C) . A maximum effect was observed by a 1 h co-culture with HGF (control vs. HGF 25ng/ml, P=0.007; 50 ng/ml, P=0.006; 100ng/ml, P=0.007). In contrast to the other three prostate cancer cell lines, PZHPV-7 cells showed maximum reduced resistance with 25 ng/ml HGF at 1 h (Fig. 5D) ; the higher concentrations of HGF also reduced TER in these cells, but not to such a great extent (control vs. HGF 25 ng/ml, P=0.003; 50 ng/ml, P=0.03; 100 ng/ml, P=0.007).
Changes in cell behaviour using ECIS during HGF co-culture.
All four prostate cancer cell lines were treated with three concentrations of HGF (25, 50 and 100 ng/ml) in order to determine the effect that HGF has on cell behaviour using ECIS. As with TER, HGF caused a concentration-dependent increase in cell attachment (Fig. 6A) , with a maximum response at 20 h of co-culture (control vs. HGF 100 ng/ml, P<0.0001). However, HGF at 25 ng/ml produced the greatest response in the DU-145 cells (control vs. HGF 25 ng/ml, P<0.0001) (Fig. 6B) . This also occurred in the CAHPCV-10 cells (control vs. HGF 25 ng/ml, P=0.0003) (Fig. 6C) . HGF (100 ng/ml) caused the most response in the PZHPV-7 cells (control vs. HGF 100 ng/ml, P<0.0001) (Fig. 6D) .
Effect of HGF co-culture on the behaviour of normal and stem cell-like prostate cells.
We then decided to investigate whether HGF had a similar effect on the TJ function of normal prostate epithelial cells. All three concentrations produced a reduced resistance in the RWPE-1 cells, as expected (Fig. 7A) .
The greatest reduction was caused by 100 ng/ml HGF and no further effect was noted after 4 h of co-culture (at 4 h co-culture: control cells vs. HGF 25 ng/ml, P=0.002; HGF 50 ng/ml, P=0.0008; HGF 100 ng/ml, P=0.0002). When we carried out the same experiment on WPE-STEM prostate stem-like cells, we found that HGF caused a biphasic modulation of TJ function as assessed using TER (Fig. 7B ). An initial decrease in TER at 30 min of co-culture was followed by an increase at 1 h, then a maximum decrease again by 4 h of co-culture before a return to almost initial levels by 24 h. The most marked effect was observed at an HGF concentration of 25 ng/ml, followed by 50 ng/ml. HGF at 100 ng/ml caused increased resistance after 1 h of co-culture which was higher than the control cells (at 4 h co-culture: control cells vs. HGF 25 ng/ml, P=0.0002; HGF 50 ng/ml, P=0.003; HGF 100 ng/ ml, P=0.04). It is not unknown for high concentrations of HGF to elicit an inhibitory effect, and so it appears here that this may regulate the TJ function in these stem-like prostate cells.
When we used ECIS to assess the cell behaviour of RWPE-1 cells, HGF caused a concentration-dependent increase in cell attachment (control vs. HGF 100 ng/ml, P<0.005) (Fig. 7C) . This was also noted in the WPE-STEM cells, although to a lesser extent (control vs. HGF 100 ng/ml, P>0.05) (Fig. 7D) .
Changes in protein expression levels of TJ molecules during HGF co-culture.
Three different antibodies to occludin were used, each produced to different epitopes N-terminal, H-249 and C-terminal regions. In all the cells probed (PC-3, PZHPV-7, RWPE-1 and WPE-STEM), 4 different sizes of occludin protein were identified by the N-terminal antibody of 82 kDa, as expected: one at ~70 kDa, one at 65 kDa and one unknown protein of smaller size (Fig. 8A) . The H-249 antibody identified only the 65-kDa protein in all 4 cell lines, with an additional smaller band visible in the WPE-STEM cells. The C-terminal antibody identified two proteins in the PC-3 cells, again at 82 and 65 kDa (shown separately with reduced exposure for clarity). Probing with the N-terminal antibody revealed an apparent time-related response to HGF with occludin reduced from 0.5 h of treatment for all four occludin proteins in PC-3 cells. In contrast, there was an increase in the 65-kDa protein by a 4-h treatment with HGF when probing with the H-249 antibody. No change was observed with the C-terminal antibody in PC-3 cells. In the PZHPV-7 cells, there was a decrease after probing with the N-terminal antibody by 2 h of co-culture with HGF which returned to initial levels by 4 h. There was no other change in occludin levels in the PZHPV-7 cells. There was some reduction in occludin levels after HGF treatment in the RWPE-1 cells (assessed by probing with the C-terminal antibody). Although there was no change noted in levels of occludin expression in the WPE-STEM cells after probing with the N-terminal antibody, a biphasic response was observed when probing with the H-249 antibody (Fig. 8A) .
Western blotting for ZO-1 in the PC-3 cells revealed two protein bands (Fig. 8B) . There was an increase in protein expression for the expected 220-kDa protein by 1 h, which continued to increase in intensity after 4 h of treatment with HGF, before returning to initial levels by 24 h. The smaller protein was increased in intensity between 2 and 4 h of treatment with HGF, before being reduced at 24 h. In the PZHPV-7 cells, ZO-1 was increased after 24 h of treatment with HGF (Fig. 8B) . Levels of ZO-1 were decreased in the RWPE-1 cells after HGF treatment for 1 h. Again, a small biphasic change in ZO-1 expression was noted in the WPE-STEM cells (Fig. 5B) . Protein expression of ZO-2 was decreased after a 2 h treatment with HGF before returning to initial levels in PC-3 cells. No change was observed in the PZHPV-7 and WPE-STEM cells. Levels of ZO-2 were increased in the RWPE-1 cells by 2 h of treatment with HGF (Fig. 8B) . In the PC-3 cells, levels for ZO-3, although very weak in intensity overall showed a drop at 2 h (Fig. 8B) . This was also observed in the PZHPV-7 and WPE-STEM cells. β-actin was used as a loading control (Fig. 8C) .
In vivo growth with HGF. RWPE-1 and WPE-STEM cells were used to assess tumourigenicity in an athymic nude mouse model. After 4 weeks of growth, no tumours were noted; after dissection, no evidence was observed of any growth. We can only conclude that neither cell line possessed tumourigenic properties, even in the presence of HGF.
Discussion
The present study showed that HGF, a cytokine that is strongly indicated as a regulator of tumour progression and metastasis (25, 26) , decreased transepithelial resistance in human prostate cancer cells and cancer stem cell derivatives by modulating the expression of TJ molecules at both the transcript and protein levels and by redistribution of TJ proteins. HGF may regulate TJ structure formation by modulating the expression of ZO-1 and ZO-2, two TJ molecules thought to be key proteins in the regulation of TJ structure. Increasing evidence suggests that TJs may play a key role in cancer metastasis (27) . We previously demonstrated that HGF promotes both migration and invasion of PC-3 prostate cancer cell (28) (29) (30) .
Our previous research showed that HGF decreases transendothelial resistance, and increases paracellular permeability in both human endothelial and breast cancer cells (2, 10) . HGF is able to cause loss of TJs, increased permeability and decreased TER in several cell types. This loss of function leads to increased chemotactic migration in retinal pigment epithelial monolayers (30) . HGF regulates Sertoli-Sertoli TJs in mammalian testes, inducing a reduction in expression and a redistribution of occludin (31) . HGF has also been shown to promote the relocalisation of ZO-1 from TJs to the cytoplasm in MDCK cells (32) and to decrease TER in a non-tumoural gastric epithelial cell line (33); a similar result in T84 human intestinal cells (34) , but not in tracheal epithelial cells (35) .
Conversely, a number of studies have shown that in certain cases, HGF provides a protective effect against TJ disruption. This was demonstrated in cerebrovascular endothelial cells, where treatment with recombinant HGF attenuated the decrease in expression of occludin and ZO-1 after sustained cerebral ischemia (36) . In addition, HGF increases TER in uterine epithelial cells (37) . In human pulmonary artery endothelial cells, HGF rapidly and dose-dependently increased transendothelial resistance (38) , although there was no examination of the expression of any TJ molecules. This present work is the first study to examine the effect of HGF on TJs in prostate cancer cells. PC-3 cells had reduced transepithelial resistance and increased paracellular permeability resulting in reduced barrier function upon addition of HGF.
RT-PCR revealed that HGF modulated the expression of a number of TJ molecules, a response that was consistent over numerous experiments (n=5). The loss of expression of ZO-1, ZO-2 and ZO-3 was an expected response to HGF. However, the increase in expression of occludin was not foreseen, as was the lack of response to HGF by claudin-1 and claudin-5. At the protein level, there was an apparent initial increase in expression of ZO-1, followed by a reduction. There was also a signal for two proteins after probing with ZO-1, a phenomenon we had not previously observed. There was some loss of ZO-2 and ZO-3 at the protein level, but this did not follow the observations of changes in expression at the RNA level. The increased message level of occludin was not reflected by the protein levels of occludin, as probed using an antibody with an epitope to the N-terminal region of the protein. However, after probing with a second antibody with an epitope mapping to a more central region of occludin, there was a concurrent increase in occludin signal of the 65-kDa size.
A possible explanation for the inconsistency of reduced expression in message to protein following HGF stimulation may be that the possible reduction in protein was reflected, but that protein degradation occurs much more slowly than that of mRNA. Consequently, as the mRNA levels of ZO-1 and ZO-2 began to decrease after 1 h of incubation with HGF, we did not see an equivalent reduction in protein. Occludin at the high molecular weight level was reduced after a 0.5-h incubation with HGF. An extra band was also observed at ~70 kDa. We previously demonstrated this band in human breast cancer cells (10) . Previous reports have shown that phosphorylation of serine residues on occludin increases the formation of TJs (25) and that occludin confers adhesiveness in proportion to the level of protein expressed (39) . Phosphorylation of occludin is probably an important step in regulating TJ formation and permeability. Farshori and Kachar (40) have shown that, in MDCK epithelial cell monolayers, the 62-65 kDa occludin bands are phosphorylated on serine and threonine, whereas the 71-kDa band is phosphorylated on serine only. Wong (41) described the appearance of two clusters of occludin in MDCK cells: one group of low molecular weight (LMW) of ~65-68 kDa, and one group of high molecular weight (HMW) of ~70-75 kDa. LMW occludins are found in cells that have no cell-cell contact, i.e. no intact TJs. The HMW occludins (hyperphosphorylated LMWs) are the functional forms of occludin that participate in the formation of the TJ barrier. Such results suggest that the phosphorylation of occludin may be a mechanism by which localisation and function are regulated. We have seen that a decrease in HMW occludin in breast cancer cell lines, upon addition of HGF, corresponds to loss of TJ integrity, and so to a loss of TJ function (10) .
Based on our data here, there was an increase in levels of the 65-kDa occludin band suggesting, that in these cells, HGF caused an increase in serine and threonine phosphorylation, with a concurrent reduction in serine-only phosphorylated occludin. This could thus lead to a reduction in TJ integrity, as serine-only phosphorylated occludin is required for TJ formation in cell types that express occludin. The apparent disparity in expression pattern between occludin antibodies of various epitopes might reflect the sensitivities of these antibodies to changes in phosphorylation status.
It has been shown that phosphorylation of the tyrosine residues on ZO-1 may result in the dismantling of TJs and a decrease in TER (25) , which we also showed to contribute to changes in TJ formation in human breast cancer cells (10) . ZO proteins are involved in the organisation of epithelial and endothelial intercellular junctions, binding to the cytoplasmic carboxyl termini of junctional transmembrane proteins and so linking them to the actin cytoskeleton. HGF-induced ZO-1 phosphorylation may contribute to the disassembly of the TJ complex, resulting in transient disruption of TJ function. The two ZO-1 proteins observed expressed by PC-3 cells may reflect a difference in phosphorylation status of ZO-1 in these cells.
Early research on claudins suggested that tissue expression patterns varied between different claudin species (42) . It is evident from our study here, that HGF has no effect on the expression of either claudin-1 or claudin-5 in these human prostate cells. Immunostaining with ZO-1, ZO-2, ZO-3, occludin, claudin-1 and claudin-5 showed that HGF affected the distribution of these TJ molecules. After co-culture with HGF, there was a more densely stained cytoplasm and relocation of ZO-1 to ruffled membrane areas of the cells. Both ZO-2 and ZO-3 showed a loss of signal at the TJ region with increased cytoplasmic staining in the case of ZO-2. ZO-3 expression remained less strong throughout the experiment overall. Occludin staining was well defined and following treatment with HGF became dotty and discontinuous with increased cytoplasmic staining. There was also a concurrent loss in TJ location of both claudins.
As stated in the introduction, there have been few studies investigating the role of TJs in prostate cancer cells and those that have been carried out were focused on the claudin family of proteins. Studies using clinical samples have shown that claudin-1 is lost in prostate adenocarcinoma (16) as discovered using immunohistochemistry. In LNcaP prostate cells, two isoforms of claudin-7 were found to regulate the expression of PSA, with the truncated form predominantly expressed in healthy prostate tissues (18) . In addition, occludin was observed to be lost in unpolarized cells of Gleason grades 4 and 5 (n=64) with general downregulation associated with loss of cell polarity (43) . There have been no reports of the modulation of TJ function and formation in human prostate cancer cells.
Claudin proteins have been targeted as a means of modulating TJ function. Tight junctions in human prostate cells can be modulated successfully, as shown by a study suggesting that flavonoids extracted from Orostachys japonicus A. Berger suppressed cancer migration and invasion by tightening TJs through the suppression of claudin expression, and by suppressing MMPs in LNCaP human prostate cancer cells, which at least in part resulted from the suppression of the PI3K/Akt signaling pathway (44) .
Moreover, in mice, low serum testosterone has been associated with reduced transcript and protein levels of claudin-4 and claudin-8, resulting in defective TJ ultrastructure in benign prostate glands. Expression of claudin-4 and claudin-8 was negatively correlated with the mononuclear inflammatory infiltrate caused by testosterone deprivation. Testosterone suppression also induced an autoimmune humoral response directed toward prostatic proteins. Testosterone supplementation in castrated mice resulted in re-expression of TJ components in prostate epithelium and significantly reduced prostate inflammatory cell numbers. These data demonstrate that TJ architecture in the prostate is related to changes in serum testosterone levels, and identify an androgen-regulated mechanism that potentially contributes to the development of prostate inflammation and consequent pathology (45) . In targeting TJs, CPE-mediated cytotoxicity was observed in human prostate cancer cell lines, but was barely detected in normal human PrECs. The cytotoxic effect depended not only on the expression level of Claudin-4 protein but also on its subcellular localization. These results suggest that Claudin-4-targeted therapy using CPE may be a new treatment for prostate cancer (46) .
The WPE-STEM cells demonstrated a difference in response to treatment with HGF, which may have a direct bearing on their stem cell-like phenotype. It has been shown that HGF secreted by prostate cancer stem-like cells/cancer-initiating cells and prostate myofibroblasts has a role in the maintenance of prostate cancer stem-like cells/cancer-initiating cells in an autocrine and paracrine manner (47) . In mice, immunohistochemical analysis in prostatectomies revealed significant enrichment of c-MET-positive cells at the invasive front, and demonstrated co-expression of c-MET with stem-like markers CD49b and CD49f. In conclusion, activation of c-MET in prostate cancer cells induced a stem-like phenotype, indicating a dynamic relation between differentiated and stem-like cells in this malignancy. Its mediation of efficient tumour formation in vivo and predominant receptor expression at the invasive front indicate that c-MET regulates tumour infiltration in surrounding tissues putatively by acquisition of a stem-like phenotype (48) .
The rapidly increasing studies linking TJ function and regulation with cancer cell dissociation, motility and invasion, all events involved in metastasis, strongly suggest that TJs are a key element in the prevention of cancer cell dissemination.
In conclusion, from the data presented here, we can conclude that HGF, a cytokine known to be involved in metastatic progression, disrupts the TJs of human prostate cancer cells. HGF affects this disruption by: i) modulating TJ molecule transcripts and ii) modulating the protein expression of ZO-1, ZO-2 and occludin. These changes were concurrent with relocation of ZO-1, ZO-2, ZO-3, occludin and claudin-1 and claudin-5 from the TJ locality. Both occludin and ZO-1 showed some relocation to the ruffled membrane areas of migrating cells. The disruption of the TJ structure by HGF could thus be an initial event in the metastasis of human prostate cancer cells and as such requires further investigation to evaluate its usefulness as a target for anti-metastasis intervention.
